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* Integration
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2 Schwarz Criterion (SC)

AR



Oeizred Ll oal plowil (6519 2 (g 5 5095) S 3hogs SlagsIl ululp (2liissn oge;!
(ol gagSll a4 Cos eS lyesie @ Sl o 4 Gloy g Lol 5l el
Sledbl s (5L oyl 5l oolawl o g oo asle Solw 4 olagsl i aiilb oo duo Lo

S5 3529 yuiie o e Ll ogasys (LS
SNl S B o b yse cpl Blite Sl )| 4y casl 03 ¢ Sloj (g iz JUS) ) plKn
Mas! il 5o b e glaaads Jolis oI pl SYoles 51000 d g oo Yol piaw
il 5059,0 B iie 51 (i 205 iz j0 aielie by lajen DYl i 551 )
S8 ks (ai8g b slalyyg,o ogdle a4y [05,) 00l sl i 5L Dg e (g0laad 9 Wil o
Lol i35 L) Lolid pinces ol @¥olee 45 855 Lol oliadol sl 23Y (osS cpmize 0,1
33 2,8 AT Cawl o] Canl Jgore olulid b b 0, Game lp a5 ax ] o (Lolisl b
) 5 ol issn 3y 5 ol | b 3 8 b (s 3 sl § (50l
Sl pxie Wb aS ol Jgl 0gd ails p pad g0 ol o3 lojed DYolae i (5o 34l
wlre 1) @ad Wl el 5% 5 05 anaib gy 5 ogn aiws 9 4 l; X
Yoare als po 55 1 10 olosanss iz il Cems oS olulits 4 b 0,5 Jloel 68 (gl it

Dl g0 &85 S 4 Gime Ly (o)L )50 4
099y o Oleped SYolee s sl 6,3l (il Joe ) Laolal & &1L [OV] jewm
SEL s ols plis o095 allie )3 jerw 05 Sleiidy 1) (Seew 5,095 lajlon Shg,y (S
Bt Glapsie jpa> pas g 9> slazye g s, labyd 4 bgpe saate filwe
Olgise W slopite (53,5 258 Liggr b 1oes® 9 piee SYslae alulid Coa 1509 2
lie )0 josw @0 Caws 4 (M lo e 5l o Glo swmin &S 05 Sk ) st
Jelo (sl 09250 (slacsil il 5 Slolplojlyo tomy ap Meadly 5 (M slatdl " lgie co 555

Sy DIST oLl b bl o sl



4 Gl g Jeo j0 g 00 (Hlype O slatl F)n sladae el e liiel 4
50 058 (pl aS b ed bl e pa SG SYolee olulil glp el sload fess
o U o g 5o 4y sl 413l on e ool (San oSk i 3 S & 5050
S pwte il Jolis SY¥olas i SO o1 50 a5 8,8 slpain 1) 0B, (soged aolanl S
b8 )18 eolinl o550 (M SlaiBl s r Sz g (e (S 9 slaaiz 5l eslind 5"
e ge 48,5 5 50 adg P Lo it Wiz (5,10 sl 93 (55N

Y, =A,+A Y1 +AY o+ -+ ApYip + e Y--Y)
Moz 5INXL o i Ay (Joe j0 0ad )lg pxio N 1 00i S 5 o NXL b ) SO Yy a5 (5 5k @
Wil o Uas Oax 5INXL lo g iep ccal o 5INXN g 5lo 1 A 20l

3 e ol (sloaiBy Ll 5 Ve 35 ke 2 ) bl cn 0 4odS )8 Sy B 50 VL i
Slo e (s pilis jorw (Solgute S9d oo 03ld midgs $SII (49,0 slopsite nlu slaaddy
elie 488y Jobo (rend 5 (651 (g5 5095) SeiF3bogs 6581 5o 035 9)ls sl cenlio
alox NH02P g, cpl 5l ol oo co o N? Jolis Ay e ple 9 ol aos N Ay o pile 0l oo
aolre conl) G sl pxio 00 uadd @ Zlis | (6510 5 (g S j095) CuiT5L 095 Jaw o
sob a las OMlaz aS Canl 0dls 5,8 g aiil o 00l pnd ool slorie Jols Ladd YL
Bl ol by 5 el (2 Sle Il 5 atuconl by

@ g an Lt BB 8 wg)lr g polie Vb (g1 (g S 5093) Sl bogs Joe 4o
S Sl aS Wil co cdlae ol gl s bas da (50,90 (gl Dbl degoe  cowd
i @y dlojen S8 Jb o s pll Jas sads b alyd o ite goad
Sl gl oo 95l (5 1o p S bogs oo o 285 Yaane 00,5 o joll ladilens [0 o
Lol ol o cme o)lel Llod 5l Lo prite (slaaily 4 bogsye oo 05l culpo adS a5 o9, o3
il o gxe Foygesl goylel bl 0 ggame 10 calps a5 ol Sos

£\



wile e ML sodw IS job 4

Yie = Q10 + 11,1 Y111 + Q21 Yir—2 + o+ Qg1 Yook + - + Qp1m Ymye—1 +

Q12mYme—2 T * + Qiom Yme—k T Vit

Ymt = Omo + Am1,1 Y11 + Amz1Y1e—2 + - + Omk1 Y-k T + Omim Yme—1 +

Om2mYme-2 T ** + Amkm Ym -k T Vmt YV\-Y)
Al 0 VAR(K) L g K ad o b (g)ls p caS5bogs (66301 G

Iy yeee o) caiils LSy aYolre (603l 0,90 Job YV-T S¥olas pivws )0 45 (50,190 o
el oo VAR b ) (g5l caS hogs a4

odd > p 8 oSl sloarsp ples web e w8)F a0 VAR (o8l 6l &5 plaars )b
3o, le a5 sie lejen SYoleo

Vie~N(o, wii), wj = Var(vy), btesls sl , i=12,..,m

E(vitvi) =0, t#s, i=12..,m,

E(vit, vjt) =wj btelssly, 1j=12,..,m, wj=cov(vi,Vj) (Y'Y-Y)

ool iz e 3 Sl ol

FW1; Wi . . . Oim T
0)21 (.l)zz . . . me
vi~N(0,Q), E (vVs) =0, Q=E(vv) =
lOm1 Omz - - - Ommd

(YY-Y)
30 b asin VAR a5 0 aS 0,5 eolaiwl ¢S o515 sl OlF e Sz o b by, ol
39 medleS g)a9, o5 8510 e eyl )y 93 JSiae b easl 55 oS A 0 oS (63l

41



p3Y g S aie (5,105 (Oaem ;5 095) CudFjlog> (g8l Ao 0)lse yiien j0 g, ol
S (g5 955 StS5bog3 655 i yo e sl Jgare Sloggasl 995 (s &5 o

IFY] cols lise oo 1, K s puicie

‘Gg.l.o.iw)é S u9"°)T —\-A-Y

el O ke Sl T leiian s Cos o)Ll Ly s 45 (y903]

LR=2[InL, — InL.]~X?(v) (YF-Y)
oleiien ;s oo 8 Ay ((uiel) colpo pled b 6o oleican,s oo, dndy ol o o
Al oo o8l oals Jlesl (sload) slacusgass slass Vg (aie) yiaS ol o b (5ol

Ly VARK) o5l ol slaw oS 6,50 slopse wlolp oSOl o8 a

Sl (K) 36 ooyt 8,5 a5 0 b g0l cpl il ool ok AS[A; Ay . . . Ayl

o5 co bl o a4 a8 (03T L | 095 5 oSl

Ho:Ax =0 , Hy: A # 0

HyoAw ;=0 HoAr #0  (Ac=0 55 )

HoiAkz=0 ,  Hoho#o  (Ac=Aci=0  534)
Hy:Ay=o0 Hy:A, # 0 (Aszk_1=-~=A2=o o )

(Yo-Y)

! Likelihood-ratio test (LR)
2 Likelihood-ration Statistic

4



Ozl aalsl gl o) Lao sleas b 5l S se (sl Cad ojlel ulul p S Ka

k= q=1 u*’Lv-“ﬁ q &= ‘Lg)b).g (ugm;)oy) S /)l; Sg> 65i” A4S 0 9 0l o0 “"%*-"

45 o Sl ¥ Bl obw a8y Uas alex ol p3¥ a5 Sl o1 51l (ol b ogd o (s
I¥a] 0,5 1,8 oolazwl 0,90 o 0,6 0 g (5 5V

P lgd Lo g ST OleMb! jlao —-Y-A-Y

1,8 oolainl 0,90 (6,18 p S bogs (6951 10 Ygare a5 5 1o Jlre g ST Sledbl slo,lxo

5l o )le (6,5 o

AIC(q) = In|W,] + 229 (¥5-1)
9
SC(q) = In|W| +Z%1n(n) FY-Y)

Moz il oS o Sle 8,910 W g =aidy Jgb N=diges pom> M=Yolao olows o] o a5
6ol A e S SO i lome ol pyolie py yieS it VAR(G) os5 (sl () wilowny

[¥A] e o o 6,0 0 ((ygum )5 j095) S 3Logs

0 yutingd O g0 1 Swlilpd —4-Y

L1y ol nl o058 ble 6,5 Jlis L d L1, orm olyn 51 ansbion d 4z 51 analsl g pm S
el 1(0) &dly jo wil Ll coeS ST .00 o lis 1(d) oles

GEolas ol anTys G K ST Xe~I(1) ol 09 blo (58 Jolis )b o LXK ST ecnlple
Xe~1(1) i ol oo il

)l 958 Ulo (6 25 Jolis )b g0 L X S

! Integrated

#¥



AAX; = A%X = (¢ — Xe—1) — (X1 — X¢—2)~1(0) (YA-Y)
bz oSl aiil (25500 Ve 5 Xt (Sl s 99 5]
t9 009 0 LSy Jilal ax o glylo g0 jo (Al
Sl ] S gS b as wllb b az o sl asslilyy o x¢ 5l s oS 5 (o

Xt
[yt] CI(b, d) (Y4-Y)
syl ol (SLililen I wed onh as oo cmr (Siililon el & as oS 5 a s oy

. Xt

3L 1(0) swweS X — bY [Yt] 5039 1(1) 90 2 y¢ 9 X¢ Mo
5 oyl 9550 50 by e 39 LLeb 052y b b aiS oo ool 3 1) (Gl ol (Siililon sl Jone

[¥a] sgis aizlo ol zlouwl 4 b jusie Lailg,y 5

Sailsled sla g0l —)-4-Y
ool gy 90 el oul wl)l alizee sladllie yo Siililed g0l slp (sooxie la i,
Sl el ojle (Sililen (a5
O3Sy 3l e Up ol 4Bl rad 265 - JS01 5 8 - SO ge3]
Sililpe

\ .- S . 'S "—
O3Sly = rmy90 (Sbliled g )55 g3l Y

s Gy )S 5 ol oS el il @ il e S - SIS - S el b,
UT LSLb g.:)l.o? 9 69.“.:‘5‘0 ‘))91).3 lejw t._:Lu).o JB‘A.’> &9) a Yt =uoa+ BXt+Ut ug.u.u;)
o303l o Moz bl 4l poens Jod (o0 b Jgd —( 00 by, 4y upes O oo dnlne

Con Oy sla i a5 og waly> ] ams oFT il Ll Uas O S 040

! Cointegration Regression Durbin-Watson (CRWD)
70



5l g G atein B g Jlode ez aS el ] 8550 (1l j0 azx g BB 4SS Lol aslatillen
solie s 3l uen WU 055 Cidis )0 5 998 o0 oolitul Up slacesS o5l o 0T 5515
99 e cmnlio Up sULL (5031 (6l aidlipass g = (S0 (5031 5 g = (oo (9051 (il
S5 4 Jgare Slasye JBlas pg, SiSle a5 ol o s 053 sel el gl edas o
diges il )y (0 Sz g s S e a5 S o Ol cul o sl 1) 09l izl 45 ol
oz oMoz 09000 wrgo ol (ol arils oo alililen lopie 51 s cplply aiil axsls |,
S5 o8 g0 a8 = Suo Jeers Slyon slaceS leolaiul as o i p a4 Ble iy
sl it Slaw 5l b ()T (a5l o)l @5 a5 Cend ] Jo (rengo 09d 0 iy Hho 40558
O3e3) S polie i S g S Bl (pl 4 i ge 3y (g S5 )0 45 Sl (glosimozisg
diloms 398 OIS @ g b (Sililen (505l slp |y aBlass Jgb - (oo (5051 5 b - Koo
75,8 =Sl g 25,8 - U3l slagygesl 4 Al eaens Jgb - Soo (slagyge;l bLs | cnl yo iles S

lansly & pps 48 oS
O3S 5 50 gl — 09 el wdlice 251 s &5 Siililee sln Koo ogesl S
2 O5ls ~Omsd ogesl o)l azliz 5 oo 0aeali CRDW jlanst ey b oasss” anililes
OS5 Aolre ;o oy Glaggyw il Hao 5l 55,5 g)lo sxe 5k &y CRDWE 2(1 — p)
Syign oy Stblilus and s g CRDOWE 0 o5 )l 4l p = 1 45 590 0 iiaud bl on
31y ~ 90 (Kbl (5aw )55 5e3l o)lel 4 bogrpe Gl polie (150 5,28 5 JSII
whl 1) 0sdon )ly e )S) Aolae )3 W) pitie a5 (63)l50 5 diged alire Slapz> sl |,

[Y‘:’(] ..\.S‘oé;

55



Vgl 9 ez (Soililed g0l —V-4-Y

10,5 bl Glgs o 1y py (JobS Hgaw )T 90 Zp 9 Vi puxiio 99 9,90 50 Mo il Jow

Ye = Bo1 + B11Z¢ + £1¢
Ye = Boz + B12Z¢ + €3¢ (Y--v)

oSl Gl g I eilme slaa e S ool (]S Coliie S 4 diged o> 45 T
azlge 1 b Gime Ygane &5 Sz g8 sladiged ;0 (g «di)lnd E20 5 E1p slp 92ly 4l (905
oL Ty o aililen (6,500 5 (og adliler 398 Slogw S, 5 (o Sl e e
Sy e Bl @ cos Sililen 6L®Q5.A}T Wb gl Gallasl s 0550 (pl Laumo
e o s wdbiee cnl ) ol sl Gloyuiie D929 9550 5o il paL,ess 0,5 Jloy
w‘gioﬁdw‘d‘)idﬁmﬁ}‘b)y)dQsmsﬂbu?wwhb‘yscbw
oy jasid 4 ol 255 g S g, a5 wil aiils se> Gi....,b.:lw.m all, S5l s
sty el (] 09y gl o g0 265 g JSIT g, 500 JSiie Ll s ailBaiy  Siililen
Sl sl g ge Jiie pgd al po 4y 09 ol Jgl al>ye ;0 € 0515 0 ol 0 a5
Gk 5l 45 el (ailagz gy Ll idgyme 5l a8 Cenl ouds lyl gy siz O ]
O g oo Slalye 90 JShe 0,5 Bk 4y ol pleicenys piShe laoaisS ol 5
B ool OlE ey onl oedle gl dlur Sililes acis ol gl

IVF] o)lo 1y bows ce o sl ol b 0591 5 g oo & jg0 40  Siiolil o
VAR g Sxililes —¥-4-¥

Gygo a4 o ML) 6510 0 (e 5 5095) ST 5L 095 (59Xl

Y = Z}(=1 AjYej + vy (f1-Y)

Y



plod 45 35d o0 (B eizmed D9d e Bd> el (ope (Jeep (0,5 eole sl g
a3l o b S (Salilen aye sl o sl i

yge 4 Gl 0 1, 1Y 6

AY, = BY,_y + X5 BjYeoq + vy (FY-Y)

u‘ e S Clig

B=-(-A; — Ay — -+ — Ay)
9
Bj=—(Aj41 —Ajsz——Ajp) j=12,..,k-1 (FY-Y)
Ot SBliles 2925 (28 Ll g waly Ll AV loyeste il So (Sililen
3,5 3,5l 5k Sygo a1y 5 les oo BYpo1 (090 ble amil 10 4 b ki
455,85 <ol g e
W oy wialss jao plp Guile (ol yolie pled a0 il jio pln B iyl a5, SHY
S o o a5 Cwl Jae Glas pl ol sezg BY g sl poral 0500806 FY-Y adal, (o
|, VAR (553l 5 s aililod b puiie ol i 10 5 0,05 955 il Jolss alal, 41
ol St peite ol Js! 4 ye Lol 5l soliiul b olss oo
oy nil atsls KaSs 5l e Plawl T sle o Sy sosbm plp B e jle a5, SHY
A o 4 e 5 anililes sla e ples a5 ol e ol ol 0g wales Ble {Ye) a3
S osliiul b ols3 o |, VAR (65| s zokae 1550 o b piiie ol e (Sililon 4o )5
Slo JSad b o o polie
5l Pzl (T slojlans azi jo 5 T<m a5 (gp5b 0 dL T ol B e ile a3, SEY

FA



B=D.C (FF-v)
I, C wybe g bows el 1y, D e pile .oizwa MXT slal b slo w5l CD o jo a5 cigs
plos doeys )0 g 99y arlgs CY~1(0) wcand Y~I(L) a5 (63,50 40 il oo (Stililed L slo
syloy €, Gy, G g £ il slagsin aiie aililve Yo (o) o o,
slajloy sl Silis & B il ad; Ko Ojle 4 bl Cles 4 (Sililes
Sope @ Olgiss s ) VAR o8l ains oo gl | o (Suililen ay a0 5 (Suililen

[¥Y] g (VEC) L (s s s Uas e (55501 S,

Sl el Oile [YF] (VRAY) (peass g 150l o [FY] (pasilog (bs, S

o5 alo yo —- -4

o eite (Suililem aiye c@bliprond JJgd - (i (5ej Mis wamly at; slapyges] ) ool L
W39 (o8 Gt et M LS 5

pgd al> yo ~¥-Y-4-Y

A e g oole a1y (610 ((gum )5 j085) S 3Logs (663l o st rlans polae 3l eolaiul b

LQQ}A)'T plo by oladcw,s s o)LJ 35l lxe (ST Shero C;LQQ}Q)’T 3l eolawl b1, QT
.A.;.;S‘SA Q.:.:.LY
pgm Al o Y- F_4_Y

9 "3)"56" ujsm OT b)jT)J I “}3’“’(5" ds."._é)f ).b.; )d AYt—llAYt—ZI ""AYt—k+1 )" LS’JB AYt

03 dilomw Doz cpaie Cpalt 5l eoliiwl b 0gd co 0033 05905 5l Jols dilewy e

e co JuSad Roge dMXL Jlo e ptita ML g )55 03515 51 ol o0

#4



ez o o -F-Y-4-Y
0)51).? )‘ J@b J-;LA-\MJ U)LQ.? 9 Qg.uJLSA 4.4..9; J.la.i )Q AYt—l' AYt—Z' ""AYt—k-l-l )" LS*'?L Yt—k
OS5y 35510 5l Jeols 00l 0,53 Wilowy ez «paie Cralt 5l soliinl b 04 o 0 033 Lol

Q}MLSQ J..S.w.o Rkt smxl )‘Oﬁ s).a.;.a.o m Lj

W 4.19).0 -0-Y-4-¥

JS"’)S }‘ oolaxwl L‘ ‘) Skk ‘Sko ‘Sok ‘Soo mxm u»v-’)-’Lo )LQ?

n

Pgdse 48,5 S350 (W90l px>) odaline N sl

oty 4l yo —F—F-4-Y

v . & . RN & ) .. E .
1 1
S =52 SokSik SkoSZ, (f7-v)
T lalex wim ali Moy polie L) aaseie sloacs, b
|uSkk — SkoSoo SoklS =0 (fY-v)

.\3193@ odw] Cewd @ dadtin gladio, olawd alcicn uaie M mllb 58 @ Dgs oo Jol>

Sl i iy > i > i3> >y iy @ ole s ol 4 @S I beads, cplasbm ol

i al> o —Y-Y -4V

! Squared Canonical Correlation

2 Ordered Characteristic roots of the matrix
% Eigenvalues

* Polynomial function



B sl a5, a5 conl Lasein o] pegdle aitus atililed b,xe 0T < m b b 4 il
a5, onlpby sl atsls jao e 5 (g ,ls sine olds a5 glamseie gloaty, slows b <ol il
el Lel glls aS fiy > fip > fiz > 0 > fi aaseie glboady, slowi b Ceul plp B e il
O305) el gl 5l S e bl sire glas a5 ((=1,2,...,m (glp) 1-f olaws b g il o

1A le a5 09l so ooliiwl oledtun )d s ool g0

Arace(r) = —n XjZry; In(1 - ) (£5-1)
Ly
Amax(r,r+ 1) = —n.In(1 — fi41) (FY-Y)

Seboe 8, Hy anop il Slpw polie 51 55,50 Agace( laie S 8T oLl lp
il e o)lel ol slaars ,

{Ho:rzo
Hyr=1

Hyr>2

{HO:rSm—l

Hy:r=m (FA-Y)

RYWIPPIY s PREWEST- PRV I PR E L§3|):>L3 ol 5l 58,0 Apax (1) Slade 31 o2 FY-Y o)LJ sl

o le o bl ol gloacs 3

{Ho:r 0

Hyr=1

{HO: 1

Hy:r=2

Hoor<m-—1

{Ha: r=m (Fa-1)

\A



5 oeleg> FY] (VML) uilagr Sldllae jo g |y looylol cpl o bgs o Slyme polis
A5, Al 4o gd oo hBgla ool anlol S 0, e | Hy ans 8 (Gl 4 YU 5D &5 Ke

"3‘5;(5“0':':"31—[0 Lo uarg bdl B wib

it Al o —A-Y-4-Y
ol 5 05h oo eend Vi, Vo, Vi (08 a0 oy Jlop SO daseine slaaiy ) 51 S5 o 1y
oy slop VSV =1 5 eolital b ogi o LSis VE[V] Vo o L0 Vil oy polis
V5 oy 5l T oydgl il 0ol s 1l B e il a3 e al 5o j0 510580 00 Jlo
was o 1, [V VL V] (Sabiles e ple JuSiis a5 ol Sililes o 1 cles
it ;d aiiin slooaiiSs 5l i ad S oo it DESoKC L 35 1) o e yilo

Cello (o= (pupai -F--Y
5 DoweolisS aluly o lae 5l B0 5 W) S92y AAT A Cod Wb 4dBy Jsb eSOy
slasi g Uas mooval Gl S aseid glp lojen job 4 bxil (o L0ged pladl Saeaals
Al G903l 5 Arace (1) 51 gl (ool puilogy (Sialidlon (g, 5 e Seililon (sla oy
Jolis Uas roral Jow gl @b clo iy (bl (] 1098 co oolasiwl Ay (1) oy jlode
O LSl cwl i BB (e X)) Sl pasiel B (gl gD cdl> o e
et SRl o

97y DowolisS slaalal, g Dasails laalal, 51 S s jo Sloj W) gl 5l oe )

PR
i Lo 5l o ye (il 4 ade Daesily glaalal, s Y

(Al



oo 51 oe nl oylo 0925 lawwe 51 550 Lis g 0,0 0929 Sloy wig,y DawelisS (691 o Y
g 0,95 dg ) 3l Sawaids gladdal, U ol salys

Sley dgy gl Gaeaily sleakal, Ll olai sezg Sley wig, SawolisS g o F

a2 Sl Ng, 5l Saeails slaalaly alpli 5 918 3529 SaaclisS Gl 0 (Slej g, O

g ialy> 10595 5 pgo

Sloalal, 51 S ger 5o (Sloj gy 5 e 5l (2 3575 pae) Jsl 558 Ga Jae 50 oS Ll
Sl (Daeaily laalaly )0 p93 4z jo Jloj Wg) 3529) part 55 5 (DeolisS 5 Daenil,
g Ngdioo 085 (e ¢S Gl il W5 (o0 J 3 (o) 2 3590 ez U pge (o8Il el s
Joss o (0=1) Sobiles jlopn S pln ,o (r=0) Suililen o g 057y 408
Oy 4 550 095 55 158l gl oo ardyd 51055 oo 8 (95T 990 polez U pgo 555
Do Gl g 30 Ddier et o Al Glaby ol g SBl s meal Joe SIS
Js i ol g 0gdige 9o3l (e ) Sl aw o lpT =2 458 iy or =145

VY] 25 0n (aeine (Stilils (slals p slass 5 5

Sl 3 sl gamad’ (5951 351 1 Yo=Y

Gl bl 2 ety V0] 2,5 e ks 25k oy (Setlilen Jelod 0j5kiws (o e Ol Lo
o 4l sgbe iy Sdeaih abl, byl e wiil aibloles Xo Ve pite o 51 a4k
sl Mo Sjgo ol o aS aill (ol pae) Jolss 09 Comdg 0 Cawl ;o SdoolisS
Gk 3l Oles 1) e 59 O SaeelisS Jolss pae by islioe (ol sllas ) abog o
o s (5510l Lt ed ks [0+ ol )l g VASF Lo o S dlas zeaeass (55l
5l el Sole w5l oo s o [0S0 @ ) e g0 Saeaids g Dol lis, as

Yy



AYt = (AYD AXt) + )\8'1‘_1 + v, —1<A<o 0--Y)
6.95; vt 9 &= Yt_ BO - BlXtNI(O) ’ Yt'XtNCI(lﬂl) ’ XtNI(l) ’ YtNI(l) 9§J‘ u—" o

REENPSERWER SOOI W

\AY



Yo

2y

ol 1,79 J,owT}



doddo —V-¥

e Bpan y Jge Jolse o)l Sai 0 1l g il 0l ol pges Jad po azl 4 azgi L
Jad o oas &l sledow Judow 4y o Jad cpl o sl ool joaes (18 Sbl o jee |y ol nl o

Sl Fwl yregh Olus,d g OYlgu a ol ol 5 leis Bl aales ails g pou
5 bl Bl jl layine S5 S5 amly aty) sesl Jsl alo e j a8 el S50 s IS s,
S8 bl T (OsessS p093) CeiS ot ol 955l s S5dsn sy | (UL
Olis o 0500 plonl " (Siblilon (305l (Sl Ay 0 Lol 00 418, 5 4o 5 Casg, aids
geead o Joe o2 Ol 5l G 5 wBliee Joe lagite Gl Saeaily alal) sgzg enies

. v .
Sgl oo 9l s lo sl

)‘..\f).:.?l.? |8 sl yie Q‘g.;.c A Al Saio DAb e g ( LoSe Y) e ‘(u.,).iab
O A job 4 yidu pl jo aS cl aid I all lpl o VYR LYY gl Db Jas o

uw-o &.9).»4.0 —‘—Y—f

Slogs S VEVO LYY Lo 51 1988 15 o 0B yan cansl _aieiin) =¥ S5 5l a5 slailon

W’“Q] J,Jo ] oo; d o ‘) EH | y-‘-io-w-”“/ WE SN WISREIIEY \YYVo JL“’ }‘ oSS JL’>5C~»‘ sl

1 Unit root

2 Stationary

% Non Stationary

* Model Vector Auto regression (VAR)
® lag

® Cointegration test

" Vector error correction model (VECM)

\id



B B 3l 5ol e (A3 el aSST o 4 VYYE S A\YVY o e jo 4 cul oyl
9 7B g U3 L o lecwdd Jobs Judo o o1 51 o Lol ol aid 3 )18 olaiul 0,40 59l
Jlo 51 om 59iS 50 akedsyyl 58 cpl Bpas j5iS B mlio 4 Gl 5l s 4298 Griores

35

(5 sl

30

25 1

20

15

10

5 TT [T T [T [T [T [T [T I [T [T [T I [ I T [T I T [T T[T [T [T I T[T [T T[T I TTT

90 92 94 96 98 0o 02 04 06 08 10 Jlo
PV oATR) e &6 e i V-F IS5
o b —Y—Y—F
Blse i 25 555 5 a3k o 315 (ol S pnn 15 55 Sloeite (nge | (2 o o
I¥] adbise (tosd 3l l ol olaidl b 0y ) €5 Sl w5331 S e 5 g0l
by Judo om0 WAL Jl sl Ll casl oo,S bl Jgexe aigy, A BTV Jlo 5l ue S

[Y] I U K =y J;Le .A.Z(:) J..))., o dxsbe 6)9-9:-593 Lgl.co.bl..a.’&é‘ o g (> olazsl

! Arbitrage

Yy


http://en.wikipedia.org/wiki/Arbitrage
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- 46 17.34 1302.188333 | 2338.7825 1991

- 41 17.77 1254.283333 2281.1575 1992
0.38238626 28 15.06 1139.049167 | 1913.076667 | 1993
0.389202355 48 14.84 1476.7825 2307.4175 1994
0.346559375 38 16.17 1805.6575 | 2935.605833 | 1995
0.369826912 514 19.03 1505.660833 | 2294.856667 | 1996
0.338978155 59.3 18.24 1599.33 2276.766667 | 1997
0.275215905 65.3 11.97 1357.469167 | 1654.058333 | 1998
0.330984568 77.4 17.25 1361.09 1572.860833 | 1999
0.364892421 83.1 26.75 1549.140833 | 1813.469167 | 2000
0.350158412 95 22.9 1443.634167 | 1578.288333 | 2001
0.409663721 100 23.52 1349.915 1559.4775 | 2002
0.404252414 110.1 26.89 1431.29375 | 1779.144833 | 2003
0.42091005 110 34.6 1715.541 2865.884917 | 2004
0.438421938 120 50.66 1898.308083 | 3678.876417 | 2005
0.435219939 124 61.07 2569.89875 6722.1345 | 2006
0.439427307 130 69.3 2638.179167 7118.226 2007
- 134.8 94.66 2572.789167 | 6955.879833 | 2008

- 135 61.25 1664.8295 | 5149.738583 | 2009

- 133.3 78.18 2173.117 7534.779583 | 2010

- 136 83.25 2401.386667 | 8828.1875 | 2011
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Null Hypothesis: D(LALP) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 4 (Automatic - based on SIC, maxlag=11)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.494395 0.0466
Test critical values: 1% level -4.073859
5% level -3.465548
10% level -3.159372

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LALP,2)

Method: Least Squares

Date: 06/01/14 Time: 14:20

Sample (adjusted): 1991Q3 2011Q4
Included observations: 82 after adjustments

Variable Coefficient  Std. Error t-Statistic Prob.

D(LALP(-1)) -0.475985  0.136214 -3.494395  0.0008
D(LALP(-1),2) 0.084995  0.112464 0.755753 0.4522
D(LALP(-2),2) 0.214687  0.110369 1.945173 0.0555
D(LALP(-3),2) 0.247024  0.109581 2.254266 0.0271
D(LALP(-4),2) -0.385370  0.104735 -3.679478  0.0004

c 0.001619  0.010770 0.150318 0.8809
@TREND("1990Q1") 4.54E-05  0.000209 0.217907 0.8281

R-squared 0.513092 Mean dependent var 0.000621
Adjusted R-squared 0.474139 S.D. dependent var 0.060632
S.E. of regression 0.043968 Akaike info criterion -3.329199
Sum squared resid 0.144990 Schwarz criterion -3.123748
Log likelihood 143.4972 Hannan-Quinn criter. -3.246714
F-statistic 13.17219 Durbin-Watson stat 2.000029
Prob(F-statistic) 0.000000
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Null Hypothesis: D(LCUP) has a unit root
Exogenous: None
Lag Length: 4 (Automatic - based on SIC, maxlag=11)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.611118 0.0095
Test critical values: 1% level -2.593468
5% level -1.944811
10% level -1.614175

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LCUP,2)

Method: Least Squares

Date: 06/01/14 Time: 14:24

Sample (adjusted): 1991Q3 2011Q4
Included observations: 82 after adjustments

Variable Coefficient  Std. Error t-Statistic Prob.
D(LCUP(-1)) -0.284545 0.108974 -2.611118 0.0108
D(LCUP(-1),2) -0.003441 0.103283 -0.033313 0.9735

D(LCUP(-2),2)  0.135654  0.102682 1.321106 0.1904
D(LCUP(-3),2)  0.176609  0.102562 1.721974 0.0891

D(LCUP(-4),2) -0.489878  0.099269 -4.934882 0.0000
R-squared 0.510422 Mean dependent var 0.000488
Adjusted R-squared 0.484989 S.D. dependent var 0.074036
S.E. of regression 0.053132 Akaike info criterion -2.973047
Sum squared resid 0.217370 Schwarz criterion -2.826296
Log likelihood 126.8949 Hannan-Quinn criter. -2.914129

Durbin-Watson stat 2.057750
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Null Hypothesis: D(LCUC) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 11 (Automatic - based on SIC, maxlag=11)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -11.60239 0.0001
Test critical values: 1% level -4.085092
5% level -3.470851
10% level -3.162458
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LCUC,2)
Method: Least Squares
Date: 06/01/14 Time: 14:25
Sample (adjusted): 1993Q2 2011Q4
Included observations: 75 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(LCUC(-1)) -0.909037  0.078349 -11.60239 0.0000
D(LCUC(-1),2) 0.341617 0.076781 4.449214 0.0000
D(LCUC(-2),2) 0.399595 0.074607 5.356034 0.0000
D(LCUC(-3),2) 0.395933 0.072915 5.430059 0.0000
D(LCUC(-4),2) -0.645552  0.062476 -10.33274 0.0000
D(LCUC(-5),2) -0.066872  0.069756 -0.958658 0.3415
D(LCUC(-6),2) -0.037966  0.067796 -0.559997 0.5775
D(LCUC(-7),2) -0.074545  0.065244 -1.142551 0.2577
D(LCUC(-8),2) -0.366955  0.035103 -10.45363 0.0000
D(LCUC(-9),2) -0.076048  0.039771 -1.912166 0.0606
D(LCUC(-10),2) -0.088894  0.038895 -2.285473 0.0258
D(LCUC(-11),2) -0.121307 0.037134 -3.266729 0.0018
C 0.048193 0.003613 13.33738 0.0000
@TREND("1990Q1") -0.000591 6.11E-05 -9.681294 0.0000
R-squared 0.982316 Mean dependent var 0.004131
Adjusted R-squared 0.978547 S.D. dependent var 0.076324
S.E. of regression 0.011179 Akaike info criterion -5.982842
Sum squared resid 0.007623 Schwarz criterion -5.550244
Log likelihood 238.3566 Hannan-Quinn criter. -5.810111
F-statistic 260.6504 Durbin-Watson stat 2.102981
Prob(F-statistic) 0.000000
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Null Hypothesis: D(LINDD,2) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 7 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -8.241257 0.0000
Test critical values: 1% level -4.152511
5% level -3.502373
10% level -3.180699
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LINDD,3)
Method: Least Squares
Date: 06/02/14 Time: 01:17
Sample (adjusted): 1995Q3 2007Q4
Included observations: 50 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(LINDD(-1),2) -2.775627  0.336797 -8.241257 0.0000
D(LINDD(-1),3) 1.709798 0.307107 5.567425 0.0000
D(LINDD(-2),3) 1.713302 0.268623 6.378084 0.0000
D(LINDD(-3),3) 1.737754 0.225863 7.693832 0.0000
D(LINDD(-4),3) 0.758222 0.186552 4.064408 0.0002
D(LINDD(-5),3) 0.732627 0.160413 4567124 0.0000
D(LINDD(-6),3) 0.743587 0.125554 5.922432 0.0000
D(LINDD(-7),3) 0.766071 0.078527 9.755493 0.0000
C 0.000158 0.000624 0.253964 0.8008
@TREND("1990Q1") -2.91E-06  1.28E-05 -0.227832 0.8209
R-squared 0.936058 Mean dependent var -9.92E-05
Adjusted R-squared 0.921671 S.D. dependent var 0.004624
S.E. of regression 0.001294 Akaike info criterion -10.28491
Sum squared resid 6.70E-05 Schwarz criterion -9.902507
Log likelihood 267.1228 Hannan-Quinn criter. -10.13929
F-statistic 65.06299 Durbin-Watson stat 2.241944
Prob(F-statistic) 0.000000
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Null Hypothesis: D(LOILP) has a unit root

Exogenous: None

Lag Length: 8 (Automatic - based on SIC, maxlag=11)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.352302 0.0189
Test critical values: 1% level -2.594946
5% level -1.945024
10% level -1.614050
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOILP,2)
Method: Least Squares
Date: 06/02/14 Time: 01:18
Sample (adjusted): 1992Q3 2011Q4
Included observations: 78 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
D(LOILP(-1)) -0.392002 0.166646 -2.352302 0.0215
D(LOILP(-1),2) 0.098620 0.153590 0.642097 0.5229
D(LOILP(-2),2) 0.262068 0.151269 1.732466 0.0877
D(LOILP(-3),2) 0.311326 0.152418 2.042582 0.0449
D(LOILP(-4),2) -0.598285  0.152180 -3.931420 0.0002
D(LOILP(-5),2) 0.052112 0.113755 0.458104 0.6483
D(LOILP(-6),2) 0.130833 0.113492 1.152794 0.2530
D(LOILP(-7),2) 0.150651 0.116191 1.296578 0.1991
D(LOILP(-8),2) -0.447846  0.116019 -3.860122 0.0003
R-squared 0.580798 Mean dependent var -8.46E-05
Adjusted R-squared 0.532195 S.D. dependent var 0.081014
S.E. of regression 0.055411 Akaike info criterion -2.839926
Sum squared resid 0.211853 Schwarz criterion -2.567998
Log likelihood 119.7571 Hannan-Quinn criter. -2.731068
Durbin-Watson stat 2.029646

Vo

“ e “’9' (O



3,90 L 5l oolaiwl b aigs adBy o Y Cewga

VAR Lag Order Selection Criteria

Endogenous variables: LCUC LCUP LINDD LOILP LALP
Exogenous variables: C

Date: 06/01/14 Time: 14:03

Sample: 1990Q1 2011Q4

Included observations: 56

Lag LogL LR FPE AIC SC HQ
0 308.1531 NA 1.37e-11 -10.82690 -10.64606 -10.75679
1 699.4420 698.7301 2.86e-17 -23.90864 -22.82363 -23.48799
2 760.2149 97.67067* 8.14e-18* -25.18625* -23.19706* -24.41504*
3 778.1304 25.59363 1.11e-17 -24.93323 -22.03987 -23.81148
4 792.3668 17.79546 1.82e-17 -24.54881 -20.75128 -23.07652

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

Silal sla)ls p (s g gailegs 9031 oF Cong

Date: 06/01/14 Time: 14:05
Sample (adjusted): 1990Q4 2007Q4
Included observations: 58 after adjustments
Trend assumption: No deterministic trend (restricted constant)
Series: LCUC LCUP LINDD LOILP LALP
Lags interval (in first differences): 1 to 2

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.518089 96.10118 76.97277 0.0009
At most 1 0.401280 53.76137 54.07904 0.0534
At most 2 0.189395 24.00959 35.19275 0.4621
At most 3 0.138670 11.83106 20.26184 0.4640
At most 4 0.053237 3.172970 9.164546 0.5489

Trace test indicates 1 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.518089 42.33980 34.80587 0.0053
At most 1 * 0.401280 29.75179 28.58808 0.0354
At most 2 0.189395 12.17853 22.29962 0.6373
At most 3 0.138670 8.658087 15.89210 0.4713
At most 4 0.053237 3.172970 9.164546 0.5489
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Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
*MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegrating Coefficients (normalized by b*S11*b=l):

LCUC LCUP LINDD LOILP LALP C
-1.394978 5.669722 -24.77629 4.334843 -20.40205 99.56244
5.412313 5.668065 148.5992 -8.312898 -4.713348 -11.71041
3.197412 8.713522 -161.0467 -0.784802 -16.83240 63.95074
-1.183189 -1.780806 40.08762 -2.023891 8.838251 -44.16547
-0.914380 3.486984 22.54075 -1.477684 -3.693432 4.796555

Unrestricted Adjustment Coefficients (alpha):

D(LCUC) 0.028895 -0.012236 0.003001 0.017767 -0.001490

D(LCUP) 0.025699 0.014314 0.003844 -0.015034 -0.003310

D(LINDD) -9.36E-05 -0.000295 0.000753 0.000145 -0.000359

D(LOILP) 0.002511 0.018996 0.018710 0.003434 -0.004926

D(LALP) 0.019076 0.010748 0.003680 -0.007761 0.000702
1 Cointegrating Equation(s): Log likelihood 747.8623

Normalized cointegrating coefficients (standard error in parentheses)

LCUC LCUP LINDD LOILP LALP C
1.000000 -4.064379 17.76105 -3.107462 14.62535 -71.37203
(1.01787) (22.6648) (0.67839) (2.74476) (12.7811)
Adjustment coefficients (standard error in parentheses)
D(LCUC) -0.040308
(0.01206)
D(LCUP) -0.035849
(0.01122)
D(LINDD) 0.000131
(0.00049)
D(LOILP) -0.003503
(0.01168)
D(LALP) -0.026611
(0.00687)
2 Cointegrating Equation(s): Log likelihood 762.7382

Normalized cointegrating coefficients (standard error in parentheses)

LCUC LCUP LINDD LOILP LALP C
1.000000 0.000000 25.46954 -1.857895 2.303953 -16.34283
(6.65913) (0.20155) (0.33611) (2.21255)
0.000000 1.000000 1.896597 0.307444 -3.031557 13.53938
(4.14430) (0.12543) (0.20918) (1.37698)
Adjustment coefficients (standard error in parentheses)
D(LCUC) -0.106533 0.094471
(0.04730) (0.06784)
D(LCUP) 0.041621 0.226835
(0.04340) (0.06225)
D(LINDD) -0.001467 -0.002204
(0.00195) (0.00280)
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D(LOILP) 0.099309 0.121907

(0.04416) (0.06334)
D(LALP) 0.031559 0.169076
(0.02611) (0.03746)

3 Cointegrating Equation(s):  Log likelihood 768.8275

Normalized cointegrating coefficients (standard error in parentheses)

LCUC LCUP LINDD LOILP LALP C
1.000000 0.000000 0.000000 -1.614346 2.521907 -16.51691
(0.19624) (0.43093) (2.72591)
0.000000 1.000000 0.000000 0.325580 -3.015327 13.52642
(0.08704) (0.19112) (1.20898)
0.000000 0.000000 1.000000 -0.009562 -0.008557 0.006835
(0.00591) (0.01298) (0.08213)
Adjustment coefficients (standard error in parentheses)
D(LCUC) -0.096937 0.120623 -3.017527
(0.05442) (0.10006) (1.86362)
D(LCUP) 0.053911 0.260327 0.871266
(0.04987) (0.09170) (1.70787)
D(LINDD) 0.000940 0.004358 -0.162834
(0.00213) (0.00392) (0.07297)
D(LOILP) 0.159132 0.284935 -0.252570
(0.04774) (0.08778) (1.63493)
D(LALP) 0.043324 0.201137 0.531895
(0.02989) (0.05496) (1.02352)
4 Cointegrating Equation(s): Log likelihood 773.1565
Normalized cointegrating coefficients (standard error in parentheses)
LCUC LCUP LINDD LOILP LALP C
1.000000 0.000000 0.000000 0.000000 -1.170734 5.161442
(1.20355) (8.85734)
0.000000 1.000000 0.000000 0.000000 -2.270600 9.154357
(0.27216) (2.00293)
0.000000 0.000000 1.000000 0.000000 -0.030430 0.135243
(0.01198) (0.08818)
0.000000 0.000000 0.000000 1.000000 -2.287391 13.42856
(0.75903) (5.58601)
Adjustment coefficients (standard error in parentheses)
D(LCUC) -0.117958 0.088984 -2.305305 0.188659
(0.05266) (0.09631) (1.80289) (0.07741)
D(LCUP) 0.071699 0.287100 0.268584 0.019822
(0.04863) (0.08894) (1.66482) (0.07148)
D(LINDD) 0.000768 0.004099 -0.157003 0.001163
(0.00216) (0.00395) (0.07401) (0.00318)
D(LOILP) 0.155068 0.278819 -0.114907 -0.168659
(0.04843) (0.08857) (1.65792) (0.07118)
D(LALP) 0.052508 0.214959 0.220755 0.006168
(0.02947) (0.05389) (1.00887) (0.04332)
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Vector Error Correction Estimates

Date: 06/01/14 Time: 14:17

Sample (adjusted): 1990Q4 2007Q4
Included observations: 58 after adjustments
Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEql
LCUC(-1) 1.000000
LCUP(-1) -4.064379
(1.01787)
[-3.99304]
LINDD(-1) 17.76105
(22.6648)
[ 0.78364]
LOILP(-1) -3.107462
(0.67839)
[-4.58065]
LALP(-1) 14.62535
(2.74476)
[ 5.32847]
C -71.37203
(12.7811)
[-5.58419]
Error Correction: D(LCUC) D(LCUP) D(LINDD) D(LOILP) D(LALP)
CointEql -0.040308 -0.035849 0.000131 -0.003503 -0.026611
(0.01206) (0.01122) (0.00049) (0.01168) (0.00687)
[-3.34111] [-3.19609] [ 0.26651] [-0.29994] [-3.87080]
D(LCUC(-1)) 0.179077 -0.037341 -0.000146 0.050181 -0.055932
(0.17921) (0.16662) (0.00728) (0.17348) (0.10212)
[ 0.99926] [-0.22411] [-0.02005] [ 0.28926] [-0.54769]
D(LCUC(-2)) -0.049408 0.068176 -0.001664 0.008930 0.034135
(0.16485) (0.15327) (0.00670) (0.15958) (0.09394)
[-0.29971] [0.44481] [-0.24846] [ 0.05596] [ 0.36337]
D(LCUP(-1)) -0.310284 0.649813 0.002025 0.234049 0.029858
(0.57399) (0.53366) (0.02331) (0.55565) (0.32709)
[-0.54058] [1.21766] [ 0.08687] [0.42122] [ 0.09129]
D(LCUP(-2)) -0.098461 0.131146 0.005078 0.010658 -0.044802
(0.52768) (0.49060) (0.02143) (0.51082) (0.30070)
[-0.18659] [0.26732] [ 0.23689] [ 0.02086] [-0.14899]
D(LINDD(-1)) 0.760632 -4.778418 0.448298 -3.791752 -1.799547
(8.05245) (7.48664) (0.32708) (7.79514) (4.58868)
[ 0.09446] [-0.63826] [ 1.37060] [-0.48643] [-0.39217]
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D(LINDD(-2)) -2.987357 -1.926055 0.099408 1.473211 -0.620812
(7.99346) (7.43180) (0.32469) (7.73804) (4.55506)
[-0.37373] [-0.25916] [0.30617] [ 0.19039] [-0.13629]
D(LOILP(-1)) 0.002565 0.214552 0.001836 0.699935 0.084708
(0.29783) (0.27690) (0.01210) (0.28832) (0.16972)
[ 0.00861] [0.77482] [0.15177] [2.42768] [ 0.49911]
D(LOILP(-2)) 0.057568 -0.001828 -0.001703 0.002484 -0.019306
(0.30357) (0.28224) (0.01233) (0.29387) (0.17299)
[0.18963] [-0.00648] [-0.13809] [ 0.00845] [-0.11160]
D(LALP(-1)) 0.324987 -0.492062 -0.004185 -0.409635 0.298883
(0.96409) (0.89635) (0.03916) (0.93328) (0.54938)
[0.33709] [-0.54896] [-0.10687] [-0.43892] [ 0.54403]
D(LALP(-2)) 0.140381 0.046267 -0.012149 0.016049 0.244786
(0.88426) (0.82212) (0.03592) (0.85600) (0.50389)
[0.15876] [ 0.05628] [-0.33825] [ 0.01875] [0.48579]
R-squared 0.239737 0.515447 0.290845 0.365220 0.517443
Adj. R-squared 0.077979 0.412350 0.139962 0.230161 0.414772
Sum sq. resids 0.203886 0.176240 0.000336 0.191064 0.066207
S.E. equation 0.065863 0.061236 0.002675 0.063759 0.037532
F-statistic 1.482070 4.,999653 1.927611 2.704142 5.039790
Log likelihood 81.57008 85.79570 267.3742 83.45366 114.1884
Akaike AIC -2.433451 -2.579162 -8.840490 -2.498402 -3.558219
Schwarz SC -2.042677 -2.188388 -8.449717 -2.107628 -3.167446
Mean dependent 0.027482 0.022440 0.000318 0.027966 0.013545
S.D. dependent 0.068592 0.079881 0.002885 0.072668 0.049062
Determinant resid covariance (dof adj.) 1.24E-17
Determinant resid covariance 4.34E-18
Log likelihood 747.8623
Akaike information criterion -23.68491
Schwarz criterion -21.51789
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Abstract

The main purpose of this study is to estimate the function of copper consumption using
the Johansen approach in time series data, between 1991-2011 in Iran. The literature
review of specialized consumption and demand functions, suggests the factors
influencing the consumption of copper, including copper price variables, aluminum
price as a substitute commodity, oil price as a supplement commodity, and
industrialization intensity. For this purpose, raw data from World Bank and
International Copper Study Group, have been used to extract the initial data needed for
the current study, and then research variables calculated in a seasonal manner and
applied. In the next stage, using Vector Autoregressive, Johansen cointegration test, and
vector error correction model, the existence of long-run cointegrated equilibrium
relationship is surveyed by vector error correction model. Model estimation results show
that the relationship between industrialization intensity variables and price of substitute
product (Aluminum) with copper consumption ratio was direct and significant, also the
relationship between copper prices and complementary commodity price (Oil), during
the review period in Iran, was negative and significant. Among the most important
practical results of this study should be noted that aluminum and copper prices can
impact the copper consumption, and being aware of this can influence making copper
sales contracts domestically and abroad which have to be considered by copper
manufacturers in Iran.

Keywords: Consumption, Price, Copper, Aluminum, Oil, Industrialization Intensity,

Time Series, Johansen Model, Iran.
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